Habronemiasis, otherwise known as summer sores, is a parasitic disease of horses, donkeys and other equids, commonly encountered in subtropical and tropical regions. It occurs as a result of nematode infestation of the skin and typically manifests as ulcerative granulating lesions or masses. Habronema muscae, Habronema microstoma and Draschia megastoma are the usual invaders, usually transmitted by house flies, face flies and stable flies. In this case report, an eosinophilic granuloma on the urethral process of a 15-year-old gelding is presented, followed by successful surgical excision without further medical treatment. To the authors' knowledge, equine eosinophilic granuloma on the urethral process associated with habronemiasis has not previously been documented in southern Europe and should be considered as a potential differential diagnosis for penile masses.
Introduction
Habronemiasis is a parasitic disease of horses and other equids caused by the nematode parasites of the genus Habronema (namely Habronema muscae and Habronema microstoma) and the closely related genus Draschia (Giangaspero et al. 2005) . The pathogenic nematode larvae are transmitted by dung-inhabiting muscids, such as the house fly (Musca domestica) and the stable fly (Stomoxys calcitrans) (Schuster et al. 2010) . Equine cutaneous habronemiasis, also known as 'summer sores' reflecting the seasonal nature of the lesions, is caused by larvae released by the aforementioned fly species on abraded skin, wounds or mucocutaneous transition sites, causing local inflammatory reaction characterised by nonhealing granulomatous ulcerated lesions (Traversa et al. 2007) . It is believed that this granulation tissue formation is due to a hypersensitivity reaction. Although any skin site may be affected, common areas of predisposition include the prepuce and urethral process of the penis, the medial canthus of the eye, while infections of the distal extremities have also been reported (Rebhun 1996; Caston and Fales-Williams 2016) . Multiple therapeutic regimes for habronemiasis have been proposed, suggesting that there is no successful single treatment routinely used. Generally, treatment is aimed at providing a larvicidal and anti-inflammatory action, usually in combination with debridement and removal of granules or complete surgical excision (Mathison 1995) . Although cutaneous habronemiasis is a well-recognised cause of skin lesions in tropical regions (Scott and Miller 2003) , it has also been reported in colder climates (Gasthuys et al. 2004) .
To our knowledge, this is the first case of eosinophilic granuloma associated with Habronema spp. infection in southern Europe.
Case history
A 15-year-old gelding (420 kg) presented to the Equine Unit, Aristotle University of Thessaloniki, in the month of October with dysuria, sheath swelling and a penile mass.
Three months prior to referral, the owner had reported a small, nonulcerated, nonpainful nodule 1 cm near the base of the urethra. The mass had been treated with a topical antimicrobial agent with no positive outcome; on the contrary, it was then seen to increase in size and ulcerate. The gelding was turned out to pasture 16 h per day and adequately dewormed on a 4-month basis.
Upon clinical presentation, the horse was bright, alert, responsive and in good condition (body condition score 6/9). Clinical and haematological parameters were within normal limits. An ulcerated mass, measuring 55 9 23 mm, was present on the urethral process of the penis (Fig 1) . No other urinary tract lesions were identified during endoscopic evaluation. Faecal egg count test was negative.
Differential diagnosis
Based on the clinical findings, the principle differential diagnosis included a squamous cell carcinoma, eosinophilic granuloma, a fibroblastic sarcoid and bacterial/fungal granuloma.
Treatment
In view of the location and size of the mass, it was decided to attempt complete surgical excision. The horse was anaesthetised and placed in dorsal recumbency. The penis was prepared for aseptic surgery, and a urinary catheter was passed easily into the urethra. After placing traction on the urethral process with two Allis tissue forceps, two 21-gauge needles were introduced through the urethral process and the catheter at right angles to each other (Schumacher 2006) , proximal to the diseased portion. A circumferential incision extending through the epithelium, corpus spongiosum penis (CSP) and urethral mucosa was made around the base of the urethral process proximal to the affected tissue and distal to the anchoring needles (Fig 2) . The urethral mucosa was apposed to the epithelium of the remaining stump of the process with simple interrupted 2-0 absorbable sutures. The 21-gauge needles and the urinary catheter were finally removed, following closure of the epithelium and mucosa layer.
Post-operatively, the horse received penicillin 20.000 IU/kg i.m. q. 24 h in combination with streptomycin 15 mg/kg i.m. q. 24 h (Ilfacillin PS) 1 , and flunixin meglumine 1.1 mg/kg i.v. q.
24 h (Flunixin Injection) 2 , for 5 days.
Pathology
The gross appearance was that of an ulcerated, tumourous, firm mass with multiple yellow foci within fibrous-type tissue (Fig 3) . The entire mass was fixed in 10% neutral buffered formalin, for subsequent histopathological examination. Specimens were processed routinely, and 5-lm sections were cut and stained with haematoxylin and eosin.
Histologically, dermis and subcutis were severely thickened due to multifocal eosinophilic granulomas up to 3 mm in diameter which contained rare cross-sections of nematode larvae. The granulomas contained a core of eosinophilic necrotic debris mixed with degenerate eosinophils and were surrounded by epithelioid macrophages and occasional multinucleated giant cells (foreign body type), further bounded by fibroblasts. Rarely, granulomas were found containing up to 60-lm-diameter nematode larvae with a smooth, thick cuticle, coelomyarian-polymyarian musculature, prominent lateral chords and a digestive tract lined by cuboidal, mononucleate cells. Diffusely, in the surrounding subcutis and dermis, there were numerous eosinophils, fewer lymphocytes and plasma cells and many variably sized small vessels that were surrounded by fibroblasts (granulation tissue). The overlying epidermis was mildly hyperplastic and multifocally ulcerated. Based on histopathology, a diagnosis of eosinophilic granulomatous dermatitis and panniculitis with spirurid nematode larvae was made.
Confirmation -classification of the parasite
A polymerase chain reaction (PCR)-based assay was performed on tissue samples for the specific detection of H. microstoma and H. muscae in order to identify the parasite to species level.
The scraping sample was exposed to three freeze-thaw cycles (3 min at À196 and 80°C) and then subjected to DNA extraction using a commercial kit (QIAamp Tissue Kit) 3 .
The sample was found positive for H. microstoma.
Outcome
The horse recovered uneventfully and was able to urinate normally immediately after standing. Seven days, 15 and 30 days post-surgery, the area of the excision was smooth, and without swelling, discharge or urethral stricture (Fig 4) .
Discussion
There are many possible causes for chronic cutaneous lesions in the equine patient from foreign bodies to neoplastic © 2018 EVJ Ltd e2 Eosinophilic granuloma on the urethral process of a gelding disease (Valentine 2006) . Previous reports of habronemiasis have come primarily from warm and tropical climates including Asia, Africa and the southern USA. Cases have also been seen in the northern USA and Canada (Vasey 1981) . To date, there is minimal evidence for cutaneous infection in the temperate regions of western Europe. A case of cutaneous habronemiasis has been reported in the anterior canthus of the eye (Trees et al. 1984) and recently on the distal limb of a gelding in the UK (Down et al. 2009) . A case of conjunctival habronemiasis was reported in a horse in Belgium (Gasthuys et al. 2004) . However, the occurrence of gastric habronemiasis in Europe, where adult nematodes are found within the wall of the stomach, has been reported in a number of surveys (Collobert-Laugier et al. 2000) .
In a study in Belgium, six of 11 ponies were reportedly positive to Habronema species at post-mortem examination (Dorny et al. 1999) . In another survey in France, 8.5% of horses were found to be infected (Collobert-Laugier et al. 2000) . A study of Traversa et al. (2006) in central Italy detected that 53.6% of the sample population were found infected, using PCR assay techniques on faecal samples. Intermediate hosts are considered to have a worldwide distribution. The house fly occurs on all continents except Antarctica, in rural, suburban and urban environments and in tropical to temperate regions (Hewitt 2011; Pugh et al. 2014) . The stable fly is a worldwide pest of livestock and other mammals (Broce et al. 2005) . Although habronemiasis is considered a disease of worldwide importance in equid production, there is little information at present on certain fly species involved in the transmission of Habronema spp. under natural conditions. Consequently, there are significant gaps that hinder our ability to understand the epidemiology, ecology and control aspects of equine habronemiasis.
This case, as far as the authors are aware, is the first reported case of cutaneous habronemiasis of the urethral process in southern Europe. Based solely on examination and surgical excision performed on routine basis for localised and encapsulated masses, this case may have been diagnosed with a traumatic or degenerative cause without any further management.
Generally, treatment regimes proposed in cutaneous habronemiasis are based on killing the existing larvae but also on controlling the host reaction. The mechanism of stimulation of the exuberant granulation tissue is unknown, but is thought to be a hypersensitivity reaction to dead or dying larvae (Von Tscharner et al. 2000) . It is also suggested that the release of chemotactic factors from the larvae due to immunoglobulin E interaction results in a focal eosinophilia (Vasey 1981) . Thus, among administration of anthelminthic agents such as ivermectin, treatment with steroids and dimethylsulphoxide has also been proposed (Pugh et al. 2014) . As aforementioned in this case, the horse was regularly dewormed with ivermectin paste. Although problems with anthelmintic resistance exist globally in horse parasites, relatively few large prevalence studies have been performed. Anthelmintic resistance in the cyathostomins and Parascaris equorum is the biggest concern, but there are also unpublished anecdotal reports of suspected resistance to ivermectin in Oxyuris equi and Habronema spp. (Kaplan and Vidyashankar 2012) .
It is rather common for encapsulated lesions to be unresponsive to ivermectin due to their caseous nature. In the case presented here, the faecal examination was negative for Habronema spp. It should be noted that habronemiasis has previously been reported in horses that were routinely dewormed with ivermectin paste (Rees and Craig 2003) . So a decision was made not to administer ivermectin.
Surgical removal or debulking of large habronemic granulomas has long been reported (Mathison 1995) . In this case, due to the location of the lesion, surgical excision was performed. The positive outcome of this report was based solely on the successful removal of the mass without any further treatment with ivermectin needed. In the surgeon's opinion at the time of surgery, the affected tissue appeared to have been adequately removed along with a width of at least 1 cm of macroscopically normal urethra underneath it.
The insertion of the urethral catheter aimed to improve visualisation of the urethra and minimise the chance of trauma and therefore post-surgical constriction. Moreover, the anchoring of the urethra with hypodermic needles at four sites aimed to prevent the urethral stump from retracting and, therefore, provide more stability facilitating suture placement.
Haemorrhage, usually emanating from CSP, should be expected for several days after amputation of the urethral process. In our case, a slightly modified surgical technique was used compared to the one described by Schumacher and Varner (2011) . Although a simple continuous pattern is reported to be more effective in compressing the erectile tissue of the CSP, in this case, a simple interrupted suture pattern was elected over the proposed one (Schumacher and Varner 2011) . Although this was a slight change in the proposed technique, it led to a much better cosmetic result, no post-operative haemorrhage was recorded, the gelding was urinating normally immediately after standing, and no wound dehiscence was noted. Based on the histopathological examination of this horse, an eosinophilic granuloma due to Habronema infestation was considered. Although the presence of larvae has been reported as being present in only 44% of cases (Pusterla et al. 2003) , and they can be challenging to distinguish in chronic lesions (Whitley et al. 2011) , in our case, rare cross-sections of the larvae was evident. In countries with warm a climate, habronemiasis should be included in the differential diagnosis in cases of eosinophilic granulomas even if parts of the larvae are not found. Furthermore, the time of year of this case in the warm months with the highest fly activity guided our initial diagnosis. Himonas (1968) reported the presence of Habronema spp. in 7.7% of equines' faeces examined. Since then, no other recent cases of cutaneous habronemiasis have been reported in Greece. Most probably, the milder temperatures and increased humidity that have been noted over the recent years may be the cause for further cases to be reported.
Conclusions
As mentioned before, this is the first reported case of eosinophilic granuloma of the urethral process of a horse in southern Europe. It is evident that the parasite is widely distributed in Europe, Africa, Arabian Peninsula and Northern America (Trees et al. 1984; Pusterla et al. 2003; Schuster et al. 2010) . As in the case presented here, Habronema granulomas should definitely be included in the differential diagnosis of penile lesions even when faecal examination is negative.
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